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WKHYDULDWLRQVRI WKH VXEVWUDWHJHRPHWU\ WKHKHDWGLVVLSDWLRQ WKURXJK WKHEDVHPDWHULDO LVYDULDEOHZKDW UHVXOWV LQ
FKDQJHV LQ WKHPHOW SRRO VL]H DQG FRQVHTXHQWO\ LQ WKH JHQHUDWHG FODG JHRPHWU\ )XUWKHUPRUH GXH WR JHRPHWULFDO
UHVWULFWLRQVZKHQWKHPDFKLQHUHGXFHVWKHIHHGUDWHLQRUGHUWRFKDQJHWKHGHSRVLWLRQGLUHFWLRQRUVKDUSHGJHVDUHWR
EHJHQHUDWHGDQRQXQLIRUPPDFKLQHIHHGUDWHLVREWDLQHG$QRQXQLIRUPIHHGUDWHOHDGVWRYDULDWLRQVLQWKHDPRXQW
RIGHSRVLWHGPDWHULDODQGLQWKHHQHUJ\LQWURGXFHGWRWKHVXEVWUDWHSHUVXUIDFHXQLWDUHDDQGJHQHUDWHVLQVWDELOLWLHVLQ
WKHSURFHVVZKHQRYHUODSSLQJWKHVXEVHTXHQWOD\HUV
,Q/0'SURFHVVPRQLWRULQJ DQG FRQWURO LV HVVHQWLDO WR UHGXFH WKH DPRXQW RI UHMHFWV DQG LPSURYH WKH SURFHVV
UHSURGXFLELOLW\Pavlov et al., 20107KHUHIRUHGXULQJWKHODVWGHFDGHVHYHUDODXWKRUVKDYHIRFXVHGWKHLUHIIRUWVRQ
PRQLWRULQJ WKH ODVHU SURFHVVHV:LWK WKH DLP RI SUHVHQWLQJ DQ RYHUYLHZ RI WKH QRQFRQWDFWPHWKRGV XVHG IRU LQ
SURFHVVPRQLWRULQJRIODVHUSURFHVVHVPurtonen et al.GLGDUHYLHZRIWKHODWHVWZRUNVLQWKLVILHOGPurtonen et al., 
2014
0RVWDXWKRUVIRFXVWKHLUHIIRUWVZKHQPRQLWRULQJDQGFRQWUROOLQJWKH/0'SURFHVVHVRQWKHODVHUSRZHUDQGWKH
DPRXQWRIKHDWLQWURGXFHGWRWKHEDVHPDWHULDO7KH/0'SURFHVVFRQWUROLVGRQHLQWZRGLIIHUHQWZD\VDS\URPHWHU
FDQEHXVHGIRUPHDVXULQJWKHPHOWSRROWHPSHUDWXUHDQGDGMXVWWKHODVHUSRZHUDFFRUGLQJWRDUHIHUHQFHYDOXHBi et 
al., 2006a, Bi et al., 2006b2WKHUDXWKRUVKDYHGHYHORSHGGLIIHUHQWIHHGEDFNFRQWUROVWKDWEDVHGRQWKHJHQHUDWHG
PHOW SRRO VL]H DUH DEOH WR DGMXVW LQ UHDO WLPH WKH ODVHU SRZHU DQG NHHS WKH PHOW SRRO VL]H FRQVWDQW GXULQJ WKH
GHSRVLWLRQSURFHVVHofman et al., 2012, Ocylok et al., 2014, Ding et al., 2016. 0RUHRYHUDXWKRUVOLNHBi et al. KDYH
JRQHRQHVWHSEH\RQGDQGWKH\KDYHGHYHORSHGDVSHFLILFODVHUFODGGLQJKHDGWKDWLQDGGLWLRQWRGLIIHUHQWVHQVRUVWR
FKHFNWKHFRPSRQHQWVRIWKHQR]]OHLQUHDOWLPHLQFOXGHVD&&'FDPHUDIRUPRQLWRULQJWKHPHOWSRROVL]HDQGVKDSH
DQGDOVRDQ,5VLJQDOVHQVRUIRUWHPSHUDWXUHPHDVXUHPHQWBi et al., 2007
1HYHUWKHOHVVZKHQFRPSOH[JHRPHWULHVDUHWREHREWDLQHGWKHNLQHPDWLFVRIWKHPDFKLQHKDVDELJLQIOXHQFHLQ
WKHSURFHVVHVSHFLDOO\ZKHQDEUXSWGLUHFWLRQFKDQJHVDUHUHTXLUHGGXHWRWKHILQDOVKDSHRIWKHSDUW$WWKRVHSRLQWV
HYHQWKHPHOWSRROVL]HDQGWHPSHUDWXUHFDQEHDGMXVWHGE\PHDQVRIDFORVHORRSWKDWUHJXODWHVWKHODVHUSRZHUWKH
DPRXQWRIPDWHULDOWKDWLVDGGHGWRWKHVXEVWUDWHLVLQFUHDVHGVXEVWDQWLDOO\DQGWKHUHIRUHWKHKHLJKWRIWKHFODGLVDOVR
LQFUHDVHG
7KLVSKHQRPHQRQZDVGLVFXVVHGE\Nenadl et al.DQGWKH\FRQFOXGHGWKDWWKHUDWLREHWZHHQWKHSRZGHUIHHGLQJ
UDWHDQGWKHVFDQQLQJVSHHGLVGLUHFWO\UHODWHGWRWKHKHLJKWRIWKHFODGNenadl et al., 2014%XWLWZDVGRQHQRWKLQJ
WRFRUUHFWLWBoisselier et al. SUHVHQWHGLQWKH/$1(,QWHUQDWLRQDO&RQIHUHQFHDWUDMHFWRU\VPRRWKLQJPHWKRG
WKDWHQVXUHGDVWDEOHSURFHVVLQJBoisselier et al., 2014%XWZKHQVKDUSHGJHVDUHWREHPDQXIDFWXUHGWKHUHLVQR
RSWLRQIRUVPRRWKLQJWUDMHFWRULHV
'XULQJWKH/0'SURFHVVWKHSRZGHUIORZLVFRQWUROOHGE\WKHSRZGHUIHHGHU8VXDOO\DSRZGHUIHHGHUEDVHGRQ
DURWDWRU\GLVNLVXVHGZKHUHWKHSRZGHUIORZLVUHJXODWHGE\PHDQVRIWKHURWDWLRQVSHHGRIWKHGLVN6RPHDXWKRUV
KDYHGHYHORSHG D VHQVLQJ DQG FRQWURO V\VWHPRI WKH SRZGHU IORZE\XVLQJ DQRSWRHOHFWURQLF VHQVRU Ding et al., 
2016 $V LW LV VWDWHG LQ WKDW DUWLFOH WKH NH\ HOHPHQW IRU DFKLHYLQJ D SRZGHU GHOLYHU\ FRQWURO LV WRPHDVXUH WKH
SRZGHUIORZUDWHLQUHDOWLPH+RZHYHUDOWKRXJKWKHSRZGHUIHHGHUFDQUHJXODWHWKHDPRXQWRISRZGHUXVXDOO\WKH
UHVSRQVHRI D FRQYHQWLRQDO SRZGHU IHHGHU LV QRW IDVW HQRXJKDQGQR LQVWDQWDQHRXVSRZGHU IOX[ UHJXODWLRQ FDQEH
FDUULHGRXWXVLQJWKLVNLQGRIVHWXS)XUWKHUPRUHWRJDLQTXLFNUHVSRQVHWKHSRZGHUIORZUHJXODWLRQKDVWREHGRQH
RQFHWKHSRZGHUOHDYHVWKHSRZGHUIHHGHUDQGDOPRVWUHDFKHVWKHFODGGLQJQR]]OH7KLVREOLJHVWRXVHDVWHSIRUZDUG
FRQWURO V\VWHP WKDW LV DEOH WR SUHGLFW DQG DQWLFLSDWH SRZGHU YDULDWLRQV DQG DFWXDWH EHIRUH SRZGHU DFFXPXODWLRQ
KDSSHQV
:LWKWKHDLPRIFRQWUROOLQJWKHGHSRVLWHGOD\HUKHLJKWDQGHOLPLQDWHWKHHIIHFWRIWKHSRZGHUDFFXPXODWLRQGXHWR
WKHPDFKLQHIHHGUDWHUHGXFWLRQDVROHQRLGEDVHGFRQWUROV\VWHPKDVEHHQGHVLJQHGGHYHORSHGDQGYDOLGDWHG
([SHULPHQWDOVHWXS
7KHILUVWVWHSZKHQGHVLJQLQJWKHSRZGHUIOX[FRQWUROV\VWHPZDVWKHDQDO\VLVRIWKHGLIIHUHQWDOWHUQDWLYHVDQG
SRVVLEOHVROXWLRQV7ZRGLIIHUHQWVROXWLRQVKDYHEHHQGLVFXVVHG
Online control7KHPDFKLQHUHDOIHHGUDWHLVWDNHQRXWRIWKHPDFKLQHGULYHPRGXOHVLQVWDQWDQHRXVO\DQG
FRPSDUHGZLWKWKHVHWSRLQWYDOXHVHQGE\WKHPDFKLQH&1&LQRUGHUWRUHJXODWHWKHSRZGHUIOX[
Offline control7KH/0'SURJUDPLVUXQRQFHZLWKRXWVZLWFKLQJRQWKHODVHUQRUWKHSRZGHUIHHGHUDQG
D YHFWRU RI WKH PDFKLQH UHDO IHHG UDWH UHJDUGLQJ WR WKH UXQWLPH LV REWDLQHG IURP WKH PDFKLQH &1&
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RVFLOORVFRSH/DWHURQXVLQJDQH[WHUQDOSURJUDPWKHUHDOIHHGUDWHDQGWKHSURJUDPPHGPDFKLQHIHHG
UDWH YHFWRUV DUH FRPSDUHG LQ RUGHU WR REWDLQ D FRQWURO SURJUDP /DVWO\ WKH /0' SURJUDP LV UXQ
VLPXOWDQHRXVO\ZLWKWKHFRQWUROSURJUDP
:KHQ ERWK VROXWLRQV DUH FRPSDUHG WKH ELJJHVW DGYDQWDJH RI WKH ILUVW DOWHUQDWLYH LV WKH FDSDELOLW\ WR XVH WKH
FRQWUROV\VWHPZLWKRXWDQ\H[WHUQDOSUHSURFHVVRU+RZHYHUWKLVDGYDQWDJHWXUQVWREHDGLVDGYDQWDJHLWVHOI$VWKH
VROHQRLGUHVSRQVLEOHIRUFRQWUROOLQJWKHSRZGHUIOX[LVVLWXDWHGXSVWUHDPWKHQR]]OHZKHQWKHVROHQRLGFRPPXWDWHV
LWV SRVLWLRQ WKH UHVSRQVH RI WKH SRZGHU IOX[ YDULDWLRQ DW WKH DGGLWLRQ ]RQH KDV D GHOD\ WKH DPRXQW RI WLPH WKH
SRZGHUQHHGVWRFRYHU WKHGLVWDQFHEHWZHHQ WKHVROHQRLGDQG WKHPHOWSRRODQG WKHUHIRUH WKHFRQWUROQHHGV WREH
IRUZDUG7KLVLVZK\DQRIIOLQHFRQWUROV\VWHPKDVEHHQXVHG
2QFHWKHPDFKLQHUHDOIHHGUDWHYHFWRU>YU@LVREWDLQHGIURPWKHPDFKLQHQXPHULFFRQWUROLWLVFRPSDUHGZLWKWKH
SURJUDPPHGYHORFLW\YDOXH>YW@DQGWKH³YHORFLW\HUURU´>H@LVGHILQHG2QWKHEDVLVRIWKLV³YHORFLW\HUURU´YHFWRUD
3:0VLJQDO LVJHQHUDWHGZKLFK LVXVHGDV DQ LQSXWYDOXH IRU WKH VROHQRLG/DVWO\EDVHGRQ WKH UHODWLYHSRVLWLRQ
EHWZHHQWKHVROHQRLGDQGWKHQR]]OHDQGWKHJDVIORZVWKHWLPHIRUZDUGYDOXHLVGHWHUPLQHGLQRUGHUWRFRPSHQVDWH
WKHGHOD\RIWKHFRQWURO
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)LJ6FKHPHRIWKHGHVLJQHGFRQWUROV\VWHPDQGDQH[DPSOHRIWKHYHORFLW\YHFWRUVDQGWKHJHQHUDWHG3:0VLJQDO
:LWKWKHDLPRIREWDLQLQJDSUHFLVHSRZGHUIOX[FRQWURODIDVWUHVSRQVHVROHQRLGIURP)HVWRKDVEHHQFKRVHQ
7KH0+(06+0.KDVDGLUHFWHOHFWULFFRQWUROZLWKDFRPPXWDWLRQIUHTXHQF\XSWR+]FRPPXWDWLRQ
SHULRGVPDOOHUWKDQPVDQGFDEOHFRQQHFWLRQZKDWHQDEOHVSRVLWLRQLQJWKHVROHQRLGLQVLGHWKHPDFKLQHFORVHWR
WKHQR]]OHZKHUHDVWKH$UGXLQRWKDWFRQWUROVWKHVROHQRLGLVVLWXDWHGVDIHRXWVLGHWKH/0'PDFKLQH
7KH GHVLJQHG SRZGHU FRQWURO V\VWHP KDV EHHQ WHVWHG LQ D GLVFUHWH QR]]OHDCN-EHU V4 RXWVLGH WKH /0'
PDFKLQHDQGRQFH WKH V\VWHPVSURSHURSHUDWLRQKDVEHHQDVVXUHG LW LVJRLQJ WREH LQVWDOOHG LQ WKHFRD[LDOQR]]OH
EHU-Coax2015GHVLJQHGDQGPDQXIDFWXUHGE\WKH+LJK3HUIRUPDQFH0DQXIDFWXULQJ*URXSRIWKH8QLYHUVLW\RIWKH
%DVTXH&RXQWU\ Arrizubieta et al., 2014$VERWKQR]]OHVQHHG WZRJDV IORZV WKH VFKHPHVVKRZQ LQ)LJDUH
YDOLGIRUERWKFDVHV7KHILUVWJDVIORZLVFDOOHG³SURWHFWLRQJDV´DQGLWLVQHFHVVDU\LQRUGHUWRHQVXUHWKHGXUDELOLW\
RIWKHQR]]OHOHQVHVDQGDOVRSURWHFWWKHDGGHGPDWHULDOIURPFRUURVLRQ7KHVHFRQGJDVIORZLVFDOOHG³GUDJJDV´DQG
LVDQDUJRQPHWDOOLFSRZGHUSDUWLFOHVPL[WXUH:LWKWKHDLPRIFRQWUROOLQJWKHSRZGHUIORZWKHVROHQRLGKDVEHHQ
LQVWDOOHGLQWKHGUDJJDVSLSHDVFORVHDVSRVVLEOHWRWKH/0'QR]]OH
$VLWLVMXVWLILHGLQWKHWKLUGSRLQWRIWKHSUHVHQWDUWLFOHHQWLWOHG³6LPXODWLRQ´ZKHQWKHGUDJJDVSLSHLVFORVHG
WKHH[LVWLQJSRZGHUEHWZHHQWKHRXWOHWRIWKHVROHQRLGDQGWKHQR]]OHQHHGVDJDVVWUHDPLQRUGHUWRNHHSFRQVWDQW
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WKHYHORFLW\RIWKHGLVFUHWHSKDVHWKHSRZGHUSDUWLFOHV7KHUHIRUHDWKLUGJDVIORZFDOOHG³H[WUDJDV´LVFRQQHFWHG
WRWKHLQOHWRIWKHVROHQRLGDQGNHHSVWKHJDVYHORFLW\FRQVWDQWEHWZHHQWKHRXWOHWRIWKHVROHQRLGDQGWKH/0'
QR]]OH
)URPQRZRQSRVLWLRQRIWKHVROHQRLGLVWKDWLQZKLFKWKHGUDJJDVDUJRQSRZGHULVGLUHFWHGWRWKHQR]]OH
ZKHUHDVSRVLWLRQRIWKHVROHQRLGLVWKDWLQZKLFKWKHH[WUDJDVDUJRQLVGLUHFWHGWRWKHQR]]OHDQGWKHGUDJJDV
DUJRQSRZGHULVGLUHFWHGWRWKHUHF\FOLQJFRQWDLQHU
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)LJD6FKHPHRIJDVDQGSRZGHUSLSHVDQGWKHFRQQHFWLRQEHWZHHQWKHQR]]OHDQGWKHVROHQRLG7KHVFKHPHUHSUHVHQWVWKHUHVWSRVLWLRQRI
WKHVROHQRLGZKLFKFRUUHVSRQGVWRWKHSRVLWLRQE(OHFWULFVFKHPHRIWKHVROHQRLGFRQWUROFLUFXLW
7KHJHQHUDWHGHUURUYHFWRUHLVFRQYHUWHGLQWRD3:0IXQFWLRQVHH)LJ:KHQWKH3:0YHFWRUKDVDXQLW
YDOXHWKHVROHQRLGLVLQWKHSRVLWLRQUHVWSRVLWLRQDQGWKDWPHDQVWKDWSRZGHUZLOOJHWRXWRIWKHQR]]OHZKHUHDV
DYDOXHRIWKH3:0YHFWRUPHDQVWKDWWKHVROHQRLGLVLQSRVLWLRQDQGQRSRZGHUZLOOJHWRXWRIWKHQR]]OH7KLV
3:0YHFWRUFRPSULVHGRIRQHVDQG]HURVLVWKHQLQWURGXFHGWRDQ$UGXLQRZKLFKLVUHVSRQVLEOHIRUWKHVROHQRLG
FRQWURO7KH$UGXLQRJHQHUDWHVD9YROWDJH3:0RXWSXWVLJQDODQGEHFDXVHWKHVROHQRLGQHHGV9DWUDQVIRUPHU
UHOD\V\VWHPKDVEHHQLQVWDOOHGLQRUGHUWRREWDLQWKHGHVLUHGYROWDJHDQGLQWHQVLW\VHH)LJE
6LPXODWLRQ
%DVHGRQWKHH[SHULHQFHDFTXLUHGLQSUHYLRXVZRUNVUHODWHGZLWKQR]]OHGHVLJQDNH\IDFWRULQWKH/0'SURFHVV
LV WKH SRZGHU GLVWULEXWLRQ LQVLGH WKHPHOW SRRO &RQVHTXHQWO\ZKHQ WKH VROHQRLG UHGXFHV WKH SRZGHU IORZ LW LV
LPSRUWDQW WKDW WKH SRZGHU GLVWULEXWLRQ UHPDLQV FRQVWDQW YDU\LQJ RQO\ WKHPD[LPXP DQGPDLQWDLQLQJ D*DXVVLDQ
GLVWULEXWLRQ LQ WKHZRUNLQJSODQH ,W LV DOVR LPSRUWDQW WKDW WKHPD[LPXPFRQFHQWUDWLRQ LVPDLQWDLQHG DW WKH VDPH
GLVWDQFHIURPWKHQR]]OHWLS7KHUHIRUHEHIRUHPDNLQJWKHHQWLUHDVVHPEO\GHVFULEHGLQWKHVHFWLRQ³([SHULPHQWDO
VHWXS´GLIIHUHQWVLPXODWLRQVRIWKHQR]]OHKDYHEHHQFDUULHGRXWLQRUGHUWRFKHFNWKHSURSHURSHUDWLRQRIGHYHORSHG
SRZGHUIOX[UHJXODWLRQV\VWHP
7KHVROHQRLGLVDEOHWRFRPPXWDWHZLWKDYHU\KLJKIUHTXHQF\DQGWKLVUHVXOWVLQDORZHUEXWFRQVWDQWSRZGHU
IOX[ GRZQVWUHDP 7KUHH GLIIHUHQW FDVHV KDYH EHHQ VLPXODWHG LQ RUGHU WR VLPXODWH WKH GLIIHUHQW SRVVLEOH ZRUNLQJ
FRQGLWLRQV
$JPLQSRZGHUIORZLVXVHGDQGQRFRQWUROLVDSSOLHG
$JPLQSRZGHUIORZLVXVHGEXWWKHVROHQRLGUHGXFHVWKHDPRXQWRISRZGHUWRWKHZKDWUHVXOWV
LQDJPLQSRZGHUIORZDWWKHQR]]OH,QWKLVFDVHWKHH[WUDJDVLVLQWURGXFHGWRWKHQR]]OHZKHQWKH
³GUDJJDV´IORZLVLQWHUUXSWHGDQGWKHUHIRUHWKHDUJRQJDVIORZDWWKHQR]]OHLQOHWVLVNHSWFRQVWDQWZLWK
DYDOXHRIOPLQ
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$JPLQSRZGHUIORZLVXVHGEXWWKHVROHQRLGUHGXFHVWKHDPRXQWRISRZGHUWRWKHZKDWUHVXOWV
LQDJPLQSRZGHUIORZDWWKHQR]]OH,QWKLVFDVHQR³H[WUDJDV´LVXVHGDQGWKHUHIRUHWKHJDVIORZ
WKDWGUDJVWKHSRZGHULVUHGXFHGDOVRWRWKHUHVXOWLQJLQDOPLQIORZ

7KH FRPPHUFLDO &)' VRIWZDUH )OXHQW IURP$QV\V KDV EHHQ XVHG IRU WKH VLPXODWLRQV:KHQ GHWHUPLQLQJ WKH
ERXQGDU\ FRQGLWLRQV LQ WKH VLPXODWLRQV WKH UHDO RSHUDWLRQ FRQGLWLRQV WKDWZLOO EHXVHG LQ WKH IXWXUH H[SHULPHQWDO
WHVWVKDYHEHHQIL[HGZKLFKDUHGHWDLOHGLQWDEOH7KHGXW\F\FOH'&RIWKHSRZGHUIOX[FRQWUROV\VWHPLVWKH
SHUFHQWDJHRIWLPHZKHUHWKHVROHQRLGLVLQSRVLWLRQ$VWKHVROHQRLGFKDQJHVLWVVWDWHZLWKDKLJKIUHTXHQF\PV
GRZQVWUHDPWKHSRZGHUIOX[FDQEHDVVXPHGWREHKRPRJHQRXVDQGUHGXFHGSURSRUWLRQDOO\WRWKHGXW\F\FOH7KLV
VWDWHPHQWLVYDOLGDWHGODWHULQWKHVHFWLRQ³5HVXOWV´$VLWLVUHSRUWHGDKLJKVSHHGFDPHUDKDVEHHQXVHGLQRUGHU
WRHQVXUHDFRQVWDQWSRZGHUVWUHDPZKHQWKHVROHQRLGUHGXFHVWKHSRZGHUIORZZLWKDPVFRPPXWDWLRQSHULRG
7DEOH&RQGLWLRQVIRUWKHVLPXODWLRQV
6LPXODWLRQFDVHQXPEHU   
3URWHFWLRQJDVIORZ>OPLQ@   
'UDJJDVIORZ>OPLQ@   
3RZGHUUHJXODWLRQ'XW\&\FOH>@   
3RZGHUPDVVIORZ>JPLQ@   
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
)LJ3RZGHUFRQFHQWUDWLRQLQ>NJP@IRUWKHWKUHHVLPXODWHGFDVHVLQWKH=;SODQHWKDWFRPSULVHVWKHURWDWLRQD[LVRIWKHQR]]OHDQGWKH
FRUUHVSRQGLQJ;<FURVVVHFWLRQVDWDPPGLVWDQFHIURPWKHQR]]OHWLS
$VLWFDQEHVHHQZKHQQRH[WUDJDVLVXVHGWKHSRZGHUGLVWULEXWLRQDWWKHQR]]OHH[LWFKDQJHVZKDWUHVXOWVLQ
DQ LQDGHTXDWHSRZGHU IOX[ UHJXODWLRQV\VWHP+RZHYHUZKHQ WKH³H[WUDJDV´ LVXVHG WKHJDV IORZ LVPDLQWDLQHG
FRQVWDQWDQGWKHSRZGHUIOX[LVUHGXFHGSURSRUWLRQDOO\WRWKH3:0VLJQDOWKDWFRQWUROVWKHVROHQRLG

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)LJ&RPSDULVRQRIWKHSRZGHUFRQFHQWUDWLRQ'LVFUHWH3KDVH&RQFHQWUDWLRQ '30LQWKHURWDWLRQD[LVRIWKHQR]]OHIRUWKHWKUHHVLPXODWHG
FDVHV7KH= LVORFDWHGDWWKHQR]]OHWLS
5HVXOWV
2QFHWKHYLDELOLW\RIWKHGHVLJQHGSRZGHUIOX[UHJXODWLRQV\VWHPKDVEHHQSURYHGE\PHDQVRIWKHFRUUHVSRQGLQJ
&)'VLPXODWLRQWKHH[SHULPHQWDOVHWXSGHVFULEHGLQWKHVHFRQGVHFWLRQRIWKHSUHVHQWDUWLFOHKDVEHHQFDUULHGRXW
:LWKWKHDLPRIYDOLGDWLQJWKHGHVLJQHGUHJXODWLRQV\VWHPILUVWRIDOOLWKDVEHHQWHVWHGRXWVLGHWKH/0'PDFKLQH
XVLQJWKH DCN-EHU V4IRXULQMHFWLRQGLVFUHWHQR]]OH
7KHFKRVHQVROHQRLGKDVDIDVWUHVSRQVHDQGDKLJKFRPPXWDWLRQIUHTXHQF\EXWLWLVQRWGHVLJQHGWRZRUNZLWK
JDVIOX[HVWKDWGUDJPHWDOOLFSDUWLFOHV,QRUGHUWRFKHFNWKHFRUUHFWIXQFWLRQLQJRIWKHVROHQRLGLWKDVEHHQWHVWHG
ZLWKDVLPSOHSURJUDP$SURJUDPWKDWFKDQJHVWKHSRVLWLRQRIWKHVROHQRLGHYHU\WZRVHFRQGVKDVEHHQH[HFXWHG
DQGDVLWFDQEHVHHQLQ)LJWKHSRZGHUIOX[FKDQJHVLQVWDQWO\ZKHQWKHVROHQRLGFKDQJHVLWVSRVLWLRQIURPWR
DQGIURPWR
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
)LJ7ZRLPDJHVRIWKHQR]]OHLQGLIIHUHQWZRUNLQJFRQGLWLRQVDUHVKRZQ7KHOHIWLPDJHFRUUHVSRQGVWRWKH³SRVLWLRQ´RIWKHVROHQRLG
ZKHUHDVWKHULJKWLPDJHFRUUHVSRQGVWRWKH³SRVLWLRQ´RIWKHVROHQRLG
2QFHWKHFRUUHFWIXQFWLRQLQJRIWKHVROHQRLGKDVEHHQFKHFNHGWKHSLSHWKDWFRQQHFWVWKHH[LWRIWKHVROHQRLGWR
WKHUHF\FOLQJFRQWDLQHUKDVEHHQLQVWDOOHGVHH)LJ,Q)LJWKLVSLSHLVWKHEOXHRQHEXWLQVWHDGRIFRQQHFWLQJD
FRQWDLQHUDWLWVHQGLWZDVOHIWIUHH7KHUHIRUHLWFDQEHVHHQKRZZKHQWKHVROHQRLGVZLWFKHVIURPSRVLWLRQWR
DQGQRSRZGHUFRPHVIURPWKHQR]]OHWLSWKHSRZGHUJRHVWKURZWKLVSLSHDQGFRXOGEHFROOHFWHGLQRUGHUWRUHXVHLW
LQWKHIXWXUH
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)LJ7ZRLPDJHVRIWKHQR]]OHDQGWKHSLSHWKDWGLUHFWVWKHSRZGHUWRWKHUHF\FOLQJFRQWDLQHULQGLIIHUHQWZRUNLQJFRQGLWLRQVDUHVKRZQ7KH
OHIWLPDJHFRUUHVSRQGWRWKH³SRVLWLRQ´RIWKHVROHQRLGZKHUHDVWKHULJKWLPDJHFRUUHVSRQGWRWKH³SRVLWLRQ´RIWKHVROHQRLG
$VD ODVW WHVW LQRUGHU WRFKHFN WKHFRUUHFW IXQFWLRQLQJRI WKHSRZGHU IOX[UHJXODWLRQV\VWHP WKHVROHQRLGKDV
EHHQ FRQQHFWHGZLWK DPVFRPPXWDWLRQSHULRG VLJQDO7KH VROHQRLG FRPPXWDWLRQ IUHTXHQF\ LV KLJK HQRXJK WR
JHQHUDWHDKRPRJHQHRXVSRZGHUIOX[GRZQVWUHDPEXWZLWKDKDOYHGPDVVIORZ
$ KLJK VSHHG FDPHUD KDV EHHQ XVHG WR DQDO\VH WKH SRZGHU IOX[ RXWVLGH WKH QR]]OHZLWK D ISV UHFRUGLQJ
YHORFLW\7KHUHVXOWLQJSRZGHUIOX[ZDVFRQVWDQWERWKDWWKHQR]]OHH[LWDQGWKHUHF\FOLQJSLSHH[LW
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
)LJD7KH3:0VLJQDOXVHGDQGWKHSRZGHUUHGXFWLRQEDVHRQLW³ ሶ݉ ூே´LVWKHSRZGHUIORZWKDWUHDFKHVWKHVROHQRLGDQG³ ሶ݉ ை௎்´WKHSRZGHU
IORZWKDWH[LWVWKHQR]]OHDIWHUWKHUHJXODWLRQE$VFUHHQVKRWRIWKHKLJKVSHHGFDPHUDUHFRUGLQJLVVKRZQ
2QFH WKH SURSHU IXQFWLRQLQJ RI WKH UHJXODWLRQ V\VWHP KDV EHHQ FKHFNHG WZR VWUDLJKW OLQHV ZHUH GHSRVLWHG
YDU\LQJWKHGXW\F\FOHRIWKHVROHQRLG7KHILUVWOLQHKDVEHHQGHSRVLWHGZLWKD'&ZKHUHDVWKHVHFRQGRQH
KDV EHHQ GHSRVLWHG ZLWK D  '& DQG D  VHFRQG FRPPXWDWLRQ SHULRG VHH ZRUNLQJ SDUDPHWHUV LQ WDEOH 
&RQVHTXHQWO\WKHILUVWOLQHKDVDFRQVWDQWKHLJKWZKHUHDVWKHVHFRQGRQHKDVDGDVKHGOLQHVKDSH0HWDOOLFSRZGHU
0HWFRFODG IURP 2HUOLNRQ ZLWK D JUDLQVL]H EHWZHHQ  DQG  PLFURQV KDV EHHQ XVHG DQG LQ RUGHU WR
JXDUDQWHHPDWHULDOFRPSDWLELOLW\DQ,QFRQHOURGZLWKD[PPFURVVVHFWLRQKDVEHHQXVHGDVDVXEVWUDWH




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7DEOH&RQGLWLRQVIRUWKHH[SHULPHQWDOWHVWV
/LQHQXPEHU 3RZGHU>:@ 0DFKLQHIHHGUDWH>PPPLQ@
3RZGHUPDVV
IORZ>JPLQ@ '&>@
&RPPXWDWLRQ
IUHTXHQF\>+]@
     
     

,QRUGHUWRFKHFNWKHYDULDWLRQVLQKHLJKWRIWKHVHFRQGOLQHWKHWRSRJUDSK\RIWKHFODGKDVEHHQREWDLQHGXVLQJD
/HLFD'&0'FRQIRFDOPLFURVFRSH$VLWFDQEHVHHQLQ)LJFODGKHLJKWYDULDWLRQZKHQWKHVROHQRLGFKDQJHV
IURPSRVLWLRQ WRDQGYLFHYHUVD LVH[WUHPHO\ UDSLG7KXV LWFDQEHFRQFOXGHG WKDW WKHSRZGHUIOX[ UHJXODWLRQ
V\VWHPLVLQVWDQWDQHRXV
:KHQOLQHVDQGDUHWREHFRPSDUHGLQWKHVHFRQGOLQHWKHFODGKHLJKWLVFRQVWDQWWKURXJKRXWWKHWLPHZKHQKH
VROHQRLGLVLQSRVLWLRQDQGPDWFKHVWKHILUVWFODGKHLJKWZKDWPHDQVWKDWWKHUHLVQRSRZGHUDFFXPXODWLRQLQVLGH
WKHUHJXODWLRQV\VWHPZKHQWKHVROHQRLGLVLQSRVLWLRQ,QERWKFODGVDQDYHUDJHKHLJKWRIȝPLVREWDLQHG
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

)LJ&ODGVDQGGHSRVLWHGLQRUGHUWRYDOLGDWHWKHGHVLJQHGSRZGHUIOX[UHJXODWLRQV\VWHPDQGDWRSRJUDSK\RIWKHVHFRQGFODGZKHQWKH
VROHQRLGLVLQSRVLWLRQ
&RQFOXVLRQV
$QHZUHJXODWLRQV\VWHPEDVHGRQWKHSRZGHUIOX[UHJXODWLRQIRUWKH/0'SURFHVVKDVEHHQGHVLJQHGGHYHORSHG
DQGYDOLGDWHG
7KHREWDLQHGUHVXOWVDUHYHU\SURPLVLQJ2QWKHRQHKDQGWKHSRZGHUIOX[FDQEHVWRSSHGZKHQWKHODVHULVRII
DQG WKHUHIRUH WKHDPRXQWRIZDVWHGSRZGHU LV UHGXFHGZKDW LV UHDOO\ UHOHYDQW IRU ORQJYRLGPRYHPHQWV%HVLGHV
LQYROYLQJHFRQRPLFDGYDQWDJHVWKHSRVVLELOLW\WRFXWWKHSRZGHUSDUWLFOHIOX[ZKHQWKHODVHULVRIIPHDQVDFOHDQHU
SURFHVV2QWKHRWKHUKDQGWKHSRZGHUWKDWLVVWRUHGLQWKHUHF\FOLQJFRQWDLQHUFDQEHUHXVHGZLWKQRGUDZEDFNVWR
WKHSURFHVVEHFDXVH LWKDVQRWEHHQUHPHOWHGE\ WKH ODVHURUFRQWDPLQDWHG LQVLGH WKHPDFKLQHE\SUHYLRXVO\XVHG
SRZGHUVRUDWPRVSKHULFGXVW
+RZHYHUWKHPRVWLPSRUWDQWEHQHILWRIWKHGHVLJQHGSRZGHUIOX[UHJXODWLRQV\VWHPLVWKHSRVVLELOLW\WRFRQWURO
WKHGHSRVLWHGFODGKHLJKW7KHFODGKHLJKWLVSURSRUWLRQDOWRWKHDPRXQWRIPDWHULDOLQWURGXFHGSHUXQLWDUHDRIWKH
VXEVWUDWH 7KHUHIRUH FRQWUROOLQJ WKH SRZGHU IOX[ WKH FODG KHLJKW FDQ EH FRQWUROOHG DQG NHSW FRQVWDQW 7KLV
UHJXODWLRQV\VWHPLVYHU\LPSRUWDQWIRUFRPSOH[JHRPHWULHVDQGVSHFLDOO\IRUD[LV/0'SURFHVVDQGLQWKHIXWXUH
PRUHZRUNZLOOEHGRQHLQWKLVGLUHFWLRQ


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$FNQRZOHGJHPHQWV
7KDQNVWR/D&DL[DIRXQGDWLRQIRULWVILQDQFLDOKHOS
6SHFLDOWKDQNVDUHDGGUHVVHGWRWKH,QGXVWU\DQG&RPSHWLWLYHQHVV6SDQLVK0LQLVWU\IRUWKHVXSSRUWRQWKH'3,
&5785%2SURMHFWDQG57&$GGL&OHDQSURMHFW
5HIHUHQFHV
$UUL]XELHWD -, 7DEHUQHUR , 5XL] -( /DPLNL] $0DUWLQH] 6 8NDU (  &RQWLQXRXV FRD[LDO QR]]OH GHVLJQ IRU /0' EDVHG RQ
QXPHULFDOVLPXODWLRQWK,QWHUQDWLRQDO&RQIHUHQFHRQ3KRWRQLF7HFKQRORJLHV/$1(3K\VLFV3URFHGLD
%L**DVVHU$:LVVHQEDFK.'UHQNHU$3RSUDZH5D&KDUDFWHUL]DWLRQRIWKHSURFHVVFRQWUROIRUWKHGLUHFWODVHUPHWDOOLFSRZGHU
GHSRVLWLRQ6XUIDFH	&RDWLQJV7HFKQRORJ\±
%L**DVVHU$:LVVHQEDFK.'UHQNHU$3RSUDZH5E,QYHVWLJDWLRQRQ WKHGLUHFW ODVHUPHWDOOLFSRZGHUGHSRVLWLRQSURFHVVYLD
WHPSHUDWXUHPHDVXUHPHQW$SSOLHG6XUIDFH6FLHQFH±
%L*6FKUPDQQ%*DVVHU$:LVVHQEDFK.5HLQKDUW3RSUDZH5'HYHORSPHQWDQGTXDOLILFDWLRQRIDQRYHOODVHUFODGGLQJKHDG
ZLWKLQWHJUDWHGVHQVRUV,QWHUQDWLRQDO-RXUQDORI0DFKLQH7RROV	0DQXIDFWXUH±
%RLVVHOLHU'6DQNDUp6(QJHO7,PSURYHPHQWRI WKH ODVHUGLUHFWPHWDOGHSRVLWLRQSURFHVV LQD[LVFRQILJXUDWLRQWK ,QWHUQDWLRQDO
&RQIHUHQFHRQ3KRWRQLF7HFKQRORJLHV/$1(3K\VLFV3URFHGLD±
'LQJ<:DUWRQ-.RYDFHYLF5'HYHORSPHQWRIVHQVLQJDQGFRQWUROV\VWHPIRUURERWL]HGODVHUEDVHGGLUHFWPHWDODGGLWLRQV\VWHP
$GGLWLYH0DQXIDFWXULQJ±
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